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Description 

FIELD OF THE INVENTION AND RELATED ART 

5 The present invention relates to a display apparatus for use in a television receiver, a computer terminal, an image 

data processing apparatus, such as a video camera view finder, etc., particularly a planar or flat panel-type display 
apparatus having scanning lines and data (signal) lines. 

Planar display apparatus Include, for example, a type using electron-discharging elements at respective pixels 
and a type using a liquid crystal for constituting pixels. Among others, a liquid crystal display apparatus using a liquid 
io crystal has been widely used and is calling a further attention. 

Hereinbelow, a display apparatus using a liquid crystal device, for example, will be described for convenience of 
comprehension. 

There is a well-known type of liquid crystal display apparatus wherein a liquid crystal material is disposed between 
scanning lines (scanning electrodes) and data lines (data electrodes) constituting an electrode matrix so as to form a 
is large number of pixels for displaying image data. The display apparatus is driven in a multiplexed manner such that 
an address or scanning signal is sequentially applied to the scanning electrodes, and prescribed data signals are 
applied in parallel to the data electrodes in synchronism with the address signal. 

The sequential application of the address signal is performed according to various schemes, inclusive of the non- 
interlaced scanning scheme wherein the address signal is applied for selection to the scanning electrodes sequentially 
20 without skipping from one side to the other of the scanning electrodes, the two-interlaced scanning scheme wherein 
an address signal is sequentially applied to every other scanning electrode, and the N-irrlerlaced scanning scheme (N 
= 3, 4, 5, ...) wherein an address signal is sequentially applied with skipping ol two or more scanning electrodes apart, 
i.e., every N-th scanning electrode, as disclosed by Mihara el al in European published Patent Specification EP-A 
316774. Particularly, in a display apparatus requiring a substantial selection term for one scanning electrode, a 2*- 
*s interlaced scanning scheme of selecting every 2 n -th scanning electrode (n = 1, 2, 3, ...) is frequently used in order to 
suppress flicker due to scanning drive at a low-field frequency and in view of convenience of the scanning system. 
The voltage change with time (i.e., voltage waveform) applied between electrodes (I.e. to a pixel) Is different de- 
I pending on whether the data signal applied thereto is for writing 'black^ or -white - , so that the optical response of the 

pixel is different. More specifically, when the pixel concerned is on a selected scanning electrode, the pixel is switched 
30 to a black or white state. However, when the pixel concerned Is on a non-selected scanning electrode, the pixel causes 
a change in luminance level depending on the data signal waveform while retaining the black or white. When a certain 
data electrode is alternately supplied with a black signal and a white signal, the pixels on the data electrode cause a 
change in luminance level in a cycle of alternation ol the black and white signals throughout the period of non-selection 
ol the pixels. If the alternation cycle is below a certain constant determined depending on the difference in luminance 
35 corresponding to the application of the black and white signals. 

In a display apparatus, a repetitive Image of each 2" (n = an integer of 1 , 2, 3, ...) is frequently used for convenience 
of a graphic system. In this Instance, if the drive is performed according to the above-mentioned 2 n -lnterlaced scheme, 
flicker can occur due to periodical repetition of the while signal in some cases. 

Further, if a higher degree of interlacing is adopted for increasing the field frequency so as to suppress flicker, the 
to observability of a moving image (motion picture) can be lowered in some cases. 

There is described a display apparatus adopting a driving scheme ol sequentially selecting the scanning electrodes 
with skipping of a prescribed number of scanning electrodes apart so as to suppress the occurrence ol flicker and 
improve theobservabHily of a motion picture in U.S. Patent No. 5,172.105 entitled "DISPLAY APPARATUS' and issued 
to Katakura, et al. 

4 $ On the other hand, there is a case where the scanning electrodes have to be sequentially selected one by one 

without skipping so as to display a complicated image in a good image quality or prevent the deterioration in image 
quality accompanying a temperature change. In such a case, it is difficult to apply the driving scheme disclosed by the 
above U.S. Patent as it is. 

Further, DE-C-3 613 446 discloses a liquid crystal light modulation device comprising a matrix of pixels. The matrix 
50 of pixels is constituted by a group of scanning electrodes and a group of signal electrodes spaced from each other by 
a gap. In the gap provided therebetween, a ferroelectric liquid crystal material is filled. In addition, a scanning line driver 
circuit and a common display signal generator are connected to the scanning electrodes and the signal electrodes, 
respectively, for driving one of plural selectable blocks, e.g. four blocks. The scanning line driver circuit comprises 
plural separate logic units for selecting one of the plural blocks. In order to write to a selected block, a selection signal 
55 is sequentially applied to the signal lines for sequentially supplying the signal tines with Information signals. Conse- 
quently, a block is selected for the purpose of selecting a part of scanning lines among all the scanning lines (i.e., a 
f partial rewrite) and, in the selected block, the scanning tines are subjected to the non-interlaced scanning. 

In addition, EP-A-0 434 042 describes a display apparatus wherein a ferroelectric liquid crystal Is disposed between 
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a group of scanning electrodes and a group of data electrodes constituting an electrode matrix. A drive means consti- 
tuted by a graphic controller applies a scanning signal to the scanning electrodes and data signals to the data electrodes 
in synchronism with the scanning signal. Thereby, the scanning electrodes are divided into a plurality of blocks, and 
the scanning electrodes are selected, while at least one scanning electrode is skipped apart. That is, all the scanning 
s lines in each block are subjected to interlaced scanning, and the blocks are sequentially selected from the top to the 
bottom without skipping, i.e. in a non-interlaced manner. 

It is an object of the present invention to provide a display apparatus and a display method by means of which 
pictures can be displayed in an Improved image quality. 

According to the invention, this object is accomplished by a display apparatus as sot out in claim 1 , and by a display 
to method as set out in claim 10. 

In the driving scheme adopted in the present Invention, a selection signal is not applied to the scanning lines with 
skipping of a prescribed number of scanning lines Irom the beginning to the end of one vertical scanning as in the 
known drive scheme, but the blocks are selected with a spacing ot at least one block, i.e., in a manner which may be 
called a "block-interlaced scanning" scheme. As a result, even in the case of displaying a repetitive Image where "white" 
'£ and "black" are alternately applied in a data fine direction, the black data signal and the white data signal continually 
alternate until the finish of linesequential scanning within one block, so that the towering in frequency of alternation of 
the black and while data signal is suppressed, thereby preventing the occurrence of flicker. Furthermore, non-interlaced 
scanning is performed within each block so that the observability of a motion picture is maintained. 

These and other objects, features and advantages of the present invention will become more apparent upon a 
?o consideration of the following description of the preferred embodiments of the present invention taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 Figure 1 is a circuit diagram for illustrating a basic structure of an embodiment ot the display apparatus according 

to the invention. 

Figure 2 is a time chart showing a set of scanning signals used in the display apparatus of Figure 1. 
Figure 3 is a block diagram of a display apparatus or system according to the present invention. 
Figure 4 is a partial schematic plan view of a liquid crystal display unit (picture area) used in the present invention, 
30 and Figure 5 is a schematic sectional view thereof. 

Figures 6 and 10 are respectively a schematic view of bbcks of scanning lines. 

Figures 7,9, 11 , and 12 are respectively a conceptual view of memories used In the invention. 

Figure B is a block diagram showing an algorithm used in the invention. 

Figure 1 3 shows a set of drive signal waveforms used in the drive system of the present Invention. 
3S Figure 14 is a time chart showing time correlation between signal transfer and driving. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

According to a preferred embodiment of the present invention, there is provided a display apparatus having a 
40 plurality of scanning lines wherein a display screen or panel constituted by the scanning lines is divided into at least 
three regions (blocks) and the blocks are sequentially selected so that neighboring blocks are not consecutively se- 
lected, i.e., the blocks are selected with spacing of at least one block, and adjacent scanning lines within each block 
are consecutively selected in a non-interlaced scanning mode. 

He rein , a basic structure ot the display apparatus according to the present invention will be described with reference 
45 to Figure 1. 

Figure 1 is a circuit diagram for Illustrating a display apparatus. More specifically, Figure 1 shows a display unit 
DPU comprising a total of 14 scanning lines (C11 ... C14, C21 ... C24 .... C41 ... C44) divided Into four blocks (BK1, 
BK2 .... BK4) each including four adjacent scanning lines. 

CEL refers to a pixel and CEU.j generally refers to a pixel formed at the Intersection of an i-th scanning line and 
so a j-th data signal line. Each pixel provides a certain display data (optical data) based on a combination of two signals 
applied to the pixel, i.e., a signal supplied to an associated scanning line from a scanning signal application circuit 102 
and a signal supplied to an associated one of data signal lines (S1 ... Sm). 

In operation of the display apparatus thus constituted, as shown in a time chart of Figure 2, a block BK1 Is selected 
first, and scanning lines C11 - C14 are sequentially scanned. Then, Instead of a block BK2, a block BK3 is selected, 
ss and scanning lines C31 • C34 are sequentially scanned. Thereafter, the block BK2 is selected, and scanning lines C21 
- C24 are sequentially scanned. Then, a block BK4 is selected, and scanning fines C41 - C44 are sequentially scanned. 
Thus, the blocks are scanned In a regularly or irregularly interlaced manner, and the scanning lines in each block are 
scanned in a non-interlaced manner. 
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By repeating the above scanning scheme, a motion picture or a static picture is displayed on the display unit DPU. 
For brevity of illustration, the scanning signal Is depicted in a simple rectangular waveform in Figure 2. Actually; 
however, another appropriate waveform of scanning signal may also be used depending on the structure of the pixel! 
etc. Such a scanning signal can of course include a reset signal component (or clear signal component) for once 
resetting the display state of a pixel. The scanning signal can also include an auxiliary signal component for stabilizing 
the electrical or physical characteristic of a pixel without changing the display state of the pixel. 

The timing of scanning signals applied to adjacent scanning lines in a block may be such that the falling of a 
preceding signal and the rising of a subsequent signal coincide each other or are spaced from each other with a 
prescribed interval. Alternatively, such successively applied two scanning signals can overlap each other. More spe- 
cifically, in such a case, while a scanning line receives a signal component lor display, a subsequent scanning line may 
receive a reset signal component so as to effect a high speed display. 

The number of scanning lines selected at a time in each block need not be one, but a plurality of adjacent scanning 
lines can be selected simultaneously and such selection may be continued sequentially with respect lo other pluralities 
of adjacent scanning lines. 

As a more detailed description with reference to the arrangement shown in Figure 1 , adjacent two scanning lines 
C11 and C12 are first selected, i.e., supplied with a scanning signal, simultaneously. Then, scanning lines C13 and 
C14 are selected simultaneously. Then, a subsequent block BK3 is selected with skipping of the block BK2, and C31 
and C32 are selected simultaneously, followed by simultaneous selection of C33 and C34. Such operation is continued 
to effect one frame display. 

w In the case of simultaneous selection of a plurality of scanning lines as described above, it Is also possible to effect 
a display such that two pixels CELi.j and CELi+1 j on one data signal line constitute one combined pixel unit. In this 
case, one pixel, e.g., CELIJ, may be used as a standard pixel and another pixel CELi+1 ,j may be used as a compen- 
sation pixel for effecting a display compensating for a possible difference In display state at the standard pixel from 
the time display state due to, e.g., a change In environmental temperature. Such a method is suitably adopted in 
gradational display performed by forming a transparent region and an opaque region in a pixel unit and by changing 
the ratio of the regions. 

The pixels used in the present invention may suitably comprise a liquid crystal cell constituted, e.g., as a simple 
matrix display panel, an electro-luminescent cell including an electron-discharge device, or a liquid crystal cell having 
a switching element, such as a thin film transistor or an MIM element, at each pixel. 

A liquid crystal cell is particularly preferred because of its economical production process, and suitable examples 
of the liquid crystal may include a twisted nematic liquid crystal and a ferroelectric liquid crystal as will be described 
hereinafter. 

In case where the display unit (panel) is constituted as a transmission-type one, a light source as an illumination 
means may be disposed on one side thereof so as to improve the contrast and luminance. 
35 it is further possible to dispose a recording means lor recording a display image. Recording may be effected on 
recording media, such as magnetic media, optical media, semi-conductor memories, paper and plastic sheets, and 
recording means therefor may include a magnetic head, an optical head, a thermal head, and an ink jet head, for 
example. 

The display apparatus according to the present invention may suitably be applied to a display method using a 
*o ferroelectric liquid crystal excellent in responsive characteristic and providing a wide viewing angle, particularly a gra- 
dational (gray-scale) display method using a ferroelectric liquid crystal (hereinafter sometimes abbreviated as 'FLC"). 

Gradational display methods using FLC have been disclosed in, e.g., U.S. Patent No. 4,712,877 issued to Okada, 
el al; U.S. Patent No. 4.747.671 issued to Takahashi, et al, and U.S. Patent No. 4,763,994 issued to Kaheko et al. 
More specifically, such gradational display methods may be representatively classified Into (1) a method of dividing 
*$ a pixel into sub-pixels which are controlled Independently (dither method), (2) a method of forming a potential gradient 
in a pixel to divide the pixel into display regions (potential gradient method), (3) a method ol applying a unidirectional 
electric field to a liquid crystal In a monostable state to control the deviation of the liquid crystal molecular long axis 
depending on the intensity of the electric field, and (4) a method of changing the liquid crystal layer thickness within a 
pixel to change the electric field intensity applied to the liquid crystal layer within the pixel, thus effecting a gradational 
$0 display. 

A problem in such a gradational display system using an FLC is that It causes a substantial change In threshold 
value corresponding to a temperature change, so that It is difficult to maintain an Identical gradation level in resistance 
to a temperature change. In order to solve the problem, we have proposed a driving scheme which may be called a 
pixel shift method (two pulse method) In U.S. Patent Application Serial No. 984,694, filed December 2, 1992 entitled 
« "Liquid Crystal Display Apparatus". As an outline, the driving scheme Includes: (1 ) writing line-sequentially from a first 
line to an n-th line, while (2) simultaneously selecting consecutive two scanning lines (L-th and L-th+1) at a selection 
time and, at a subsequent selection time, selecting simultaneously consecutive two scanning lines (L-th+1 and L-th+2) 
deviated by one line, wherein L is an integer satlstylng 1 £ L £ n. Of the consecutive L-th and L-th+1 scanning lines, 
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f ) 

v - Ihe L-th scanning lino is a scanning line for temperature compensation for the L-th+1 scanning line. More specifically. 

If the liquid crystal cell is at a standard temperature, only the L-th+1 scanning line Is written and, if the temperature 
deviates, the L-th line is written. In other words, display data to be displayed on the L-th+1 scanning line is shifted onto 
the L-th scanning line in accordance with a temperature change. Thus, an undesirable display state of a pixel on one 
* scanning line of adjacent at least two scanning lines is compensated by a display state of a pixel on the other scanning 
line. That is, a synthetic display state of adjacent pixels on a data line and at least two scanning lines is used as a unit 
of gradational display. By this measure, an undesirable display stale of a pixel in the unit can be compensated by a 
display state ol the remaining pixel in the unit, whereby a normai display can be achieved as a whole. 

In order to realize the above-described writing operation, the following conditions may be set. (3) The simultane- 
ity ously selected (at Iea6t) two scanning lines are supplied with mutually different scanning signals, which are determined 
to provide continuous thresholds at two pixels formed at the intersections of a data line and the two scanning fines. 
The provision of "continuous threshold' is a condition for realizing a smooth data shift between two scanning lines 
which are sequentially written by a line-sequential scan. (4) A pixel is required to have a distribution of thresholds with 
respect to transmittance. 

« In such a driving method, however, image data changes Its position according to a temperature change, so that it 

is difficult to completely display a one frame picture. More specifically, the pixels on the first scanning line are not 
provided with a scanning line to which image data Is shifted, and the pixels on the n4h scanning line are not subjected 
to an operation after the image data shift according to a temperature change. 

Secondly, as the scanning lines are selected line-sequentially from the first line to the n-tn line, interlaced scanning 

*0 cannot be performed. 

The present invention may be suitably applied to suppressing the flickering liable to be caused in the above- 
mentioned gradational drive scheme. 

Hereinbelow, the present invention is described more specifically based on preferred embodiments. 

25 [First embodiment] 

Figure 3 is a block diagram showing a liquid crystal display apparatus according to a first embodiment of the present 
{- invention. Referring to Figure 3, the display apparatus includes a liquid crystal display unit (panel) 101, a scanning 

) signal application circuit 1 02, a data signal application circuit 1 03, a scanning signal control circuit 1 04, a drive control 

30 circuit 105, a data signal control circuit 106 and a graphic controller 107. 

Data supplied Iromthe graphic controller 107 through the drive control circuit 105 enter the scanning signal control 
circuit 104 and the data signal control circuit 106 where they are converted Into address data and display data, respec- 
tively. According to the address data, the scanning signal application circuit 102 generates scanning signals which are 
supplied to the scanning electrodes in the liquid crystal display unit 101. Further, according to the display data, the 
3s data signal application circuit 103 generates data signals, which are supplied to the data electrodes in the liquid crystal 
display unit 101. 

Figure 4 Is an enlarged partial view of the liquid crystal display unit 101 which includes scanning electrodes C1 - 
C6 ... and data electrodes S1 - S6 ... disposed so as to form an electrode matrix and form pixels each constituting a 
display unit, including, e.g., a pixel P22 formed at the intersection of a scanning electrode C2 and a data electrode S2. 

40 Figure 5 Is a partial sectional view of the display unit taken along the line A - A in Figure 4. Referring to Figure 5, the 
liquid crystal display unit 101 includes glass substrates 302 and 304 and a ferroelectric liquid crystal 303 disposed 
between the substrates 302 and 304 and in a ceil structure forming a cell gap defined by a spacer 306. Further, an 
analyzer 301 and a polarizer 305 are disposed in cross nicols so as to sandwich the cell structure. 

More specifically, the cell structure shown in Figures 4 and 5 comprises a pair of substrates 302 and 304 made of 

45 glass plates or plastic plates which are held with a predetermined gap with spacers 306 and sealed with an adhesive 
to form a cell structure filled with a liquid crystal. On the substrate 304 is further formed an electrode group (e.g., an 
electrode group for applying scanning voltages of a matrix electrode structure) comprising a plurality of transparent 
electrodes CI - C6 ... in a predetermined pattern, e.g., of a stripe pattern. On the substrate 302 is formed another 
electrode group (e.g., an electrode group for applying data voltages of the matrix electrode structure) comprising a 

50 plurality of transparent electrodes S1 - S6 ... intersecting with the transparent electrodes C1 - C6. 

In the device, the alignment control films (not shown) may be directly disposed over the transparent electrodes 
C1 - C6 and S1 - S6 formed on the substrates 304 and 302, respectively. In another embodiment, on the substrates 
304 and 302, insulating films for short circuit prevention (not shown) and alignment control films (not shown) may be 
disposed, respectively. 

55 Examples ol the material constituting the alignment control films may include Inorganic insulating materials, 6uch 
as silicon monoxide, silicon dioxide, aluminum oxide, zirconia, magnesium fluoride, cerium oxide, cerium fluoride, 
i silicon nitride, silicon carbide, and boron nitride; and organic Insulating materials, such as polyvinyl alcohol, polyimide, 

polyamide-imrde, polyesler-imide, polyparaxylylene, polyester, polycarbonate, polyvinyl acetal, polyvinyl chloride, 
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polyamide, polystyrene, cellulose resin, melamine resin, urea resin and acrylic resin. The above-mentioned alignment 
(control) film of an insulating material can be also used as an insulating film for short circuit prevention 

The alignment control films of an inorganic insulating material or an organic insulating material may be provided 
wrth an uniaxial alignment axis by rubbing the surface of the film after formation thereof in one direction with velvet 
cloth or paper to form the uniaxial alignment axis. ' 

Further, the insulating Rims for short circuit prevention may be formed in a thickness of 20 nm (200 A) or larger 
preferably 50nm (500 A) or larger, with an inorganic Insulating material, such as SiO* T10 2 , AUO a , SUKL and BaHO,' 
The film formation may for example be effected by sputtering, Ion beam evaporation, or calcination of an organic 
titamum compound, an organic silane compound, or an organic aluminum compound. The organic titanium compound 
may for example be an alkyl (methyl, ethyl, propyl, butyl, etc.) titanate compound, and the organic silane compound 
may be an ordinary silane coupling agent. In case where the thickness of the insulating films for short circuit prevention 
is below 20nm (200 A) a sufficient short circuit prevention effect cannot be accomplished. On the other hand if the 
thickness is above 500nm (5000 A), the effective voltage applied to the liquid crystal layer is decreased substantially 
so that the thickness may be set to 500nm (5000 A) or less, preferably 200nm (2000 A) or less. 

The liquid crystal material suitably used in the present Invention is a chiral smectic liquid crystal showing ferroe- 
lectncity. More specifically, liquid crystals in chiral smectic C phase (SmC), chiral smectic G phase (SmG*) chiral 
smectic F phase (SmF*), chiral smectic I phase (Sml') or chiral smectic H phase (SmH*) may be used 

Details of ferroelectric liquid crystals may be disclosed in. e.g., LE JOURNAL DE PHYSIQUE LETTERS 36 (L- 
69) 1 975. 'Ferroelectric Liquid Crystals*; Applied Physics Letters 36 11,1 980, 'Submicro Second Bi-stable Electrwptic 
Switching in Liquid Crystals'; KotaJ Butsurl (Solid-Stale Physics) 16 (141 ) 1 981 , "Ekisho (Liquid Crystals)- U S Patents 
Nos. 4,561,726; 4.589,996; 4,592,858; 4,596.667; 4,613,209; 4,614,609; 4.622,165, etc. Chiral smectic liquid crystals 
disclosed in these references can be used in the present invention. 

Other specific examples of ferroelectric liquid cryslal may include decyloxybenzylidene-p'-amlno^-melhylbutyl- 
cinnamate (DOBAMBC), hexyloxyben2ylldene-p'-amino.2^hloropropylcinnamate (HOBACPC), and 4-0-(2-methvn 
25 butylresorcylidene-^-octylanillne (MBRA 8). K Y ' 

(First Embodiment] 
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As tor the liquid crystal display apparatus embodiment shown in Figures 3 - 5, when the selecting term for one 
scanning electrode is 96 usee, the frame frequency becomes 1/(512 x 96 usee) = 20.3 Hz. In this display apparatus 
if the field frequency is 40 Hz or higher, flickering caused by scanning drive is suppressed, so that one picture is 
designed to be formed by two times of vertical scanning. 

As shown in Figure 6, the whole picture area composed of 51 2 lines (scanning electrodes) is divided into 1 6 blocks 
B1 - B16. In a first field, blocks B1, B3, B5. B7, B9, B11, 813 and B15 are selected and. in a second field blocks B2 
B4, B6, B8, B10. B12, B14 and B16 are selected. In each block, non-interlaced scanning is performed As an overall 

scanning sequence, 1st, 2nd, 3rd.., 31th, 32th, 65th, 66th .... 96th, 129th, 130th 160th 449th. 450th, .. and 

480th scanning electrodes are sequentially selected to complete first vertical scanning, and then 33th 34th 35th 
63th, 64th, 97th, 98th .... 128th, 161th, 162lh, .... 192th 481th, 482th, ... and 512th scanning electrodes are se- 
quentially selected to complete second vertical scanning, thus writing one whole picture. 

For accomplishing the above method, a memory 500 as shown in Figure 7 is provided In the scanning signal control 
circuit 104. Referring to Figure 7, the memory 500 Includes a scanning address memory M1, an address increment 
memory M2, a line-number counter memory M3, a block-number counter memory, and address table memories MT 
(1) - MT(16). As fixed values, the number of 1 is set at the address increment memory M2, and the 16 numbers ol 1 
65, 129, 1 93, 257, 321, 385, 449 r 33. 97, 161, 225, 289, 353, 417 and 481 are set at the address table memories MT 
(1 ) - MT(1 6), respectively, as the starting scanning address (positional ranks of the starting scanning electrodes) among 
the entire scanning electrodes tor the first vertical scanning and the second vertical scanning in that order. Here, the 
content of the scanning address memory means the scanning address. The content of the address Increment memory 
M2 means the number of scanning electrodes covered by one-lime ol scanning (namely "V means that every line Is 
scanned in a non-interlaced manner). The content of the line-number counter memory means the number of times of 
scanning effected at that time in each block. The content of the block-number counter memory M4 means the ordinal 
number of block for which the scanning Is performed at that time throughout the first vertical scanning and second 
vertical scanning. The contents of the address table memories MT(1) - MT(16) mean the scanning addresses from 
which the scanning is started for the respective blocks. 

Figure 8 is a flow chart showing an algorithm for determining the scanning addresses. At Step 1, the number of 
■1 ■ is set in the block-number counter memory M4 for initialization. At Step 2, the number in the block-number counter 
memory M4 is checked as to whether it exceeds 16 (M4 > 16) in order to judge whether all the blocks have been 
written. At Step 3, the line-number counter memory is initialized for scanning in each block. First of all, a number of 
T is set in the line-number counter memory M3 tor first scanning in the block. Then, so as to determine the starting 
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scanning address in the block concerned, the number of the block is checked according to the content of the block- 
number counter memory, and the starting scanning address in the block is checked according to the content of the 
corresponding address table memory MT to set the starting scanning address at the scanning address memory M1 
At Step 4. a number "1 • is added to the block-number counter memory M4. At Step 5, it Is checked whether the content 
s of the line-number counter memory M3 exceeds 32 (M3 > 32) so as to judge whether the writing In the block has been 
completed. At Step 6, the scanning address is transferred At Step 7, the content of the address increment memory 
M2 is added to the content of the scanning address memory Ml, and a number of a 1 ■ Is added to the line-number 
counter memory M3. 

Thus, according to the algorithm shown in Figure 9, tho content of the address table memory MT is set to the 
10 scanning address memory M1 based on the content of the block-number counter memory M4, and this operation Is 
repeated 1 6 times, during each of which the steps of sending the scanning address to the scanning signal application 
circuit and increasing the content of the scanning line address memory by T (the content of the address increment 
memory M2) are repeated 32 times. After the scanning address is transferred 16x32 times, the operation is restored 
to the beginning. Before the First transfer of scanning address, a number of T is set at each of the scanning address 
'5 memory M1, the line-number counter memory M3 and the block-number counter memory M4. 

Now, if an image as shown in Figure 4 is taken for example, wherein the pixels on the odd-numbered scanning 
electrodes, I.e., 1st, 3rd, Sth ;.. to 511th lines, are in black, and the pixels on the even-numbered scanning electrodes, 

i.e., 2nd, 4th, 6th ... to 512th lines alternately assume black, white, black, white a pixel P22 repetitively receives 

black signal and white signal for each one line. The frequency of repetition is 1/(1 x 2 x 96 usee) = 5208 Hz (> 40 Hz) 
& so that no flickering occurs. 

On the other hand, if a similar image Is displayed according to the conventional 2-lnterlaced scanning scheme, 
the 1st, 3rd, Sth ... to 511th lines are sequentially selected to complete the first vertical scanning, and subsequently 
the 2nd, 4th, ... to 512th lines are sequentially selected to complete the second vertical scanning, whereby one whole 
picture is written. In this case, the pixel P22 continuously receives the black signal 256 times and then continuously 
25 receives the white signal 256 times, so that the signal repetition frequency becomes 1/(256 x 2 x 96 usee) = 20.3 Hz 
(< 40 Hz), whereby flickering is observed. 

Further, if the 8-interiaced scanning scheme is adopted so as to obviate flickering, while the flickering is removed 
v due to an increased Irequency, the observability of a motion picture is remarkably impaired because a picture Is con- 

} stituted by scanning of every 8th line in comparison with the non-interlaced scanning. 

30 
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[Second embodiment] 



In order not to lower the field frequency below 40 Hz, it is also possible to select the blocks at random so as to 
write one whole picture. For example, the apparatus used in the first embodiment may be driven by selecting the blocks 
in the order of B1 , B1 0, B3, B8, B1 3, B2, B15, B1 2, B5, B14, B7, B1 6, B9, B6, B11 and B4 to achieve a similar effect. 

In this Instance, 16 numbers of 1, 289, 65. 225, 385, 33, 449, 353, 129, 417, 193, 481, 257, 161, 321 and 97 are 
set at the address table memories MT(1) - MT(16), respectively, as shown in Figure 9. 

(Third Embodiment] 



In this embodiment, a liquid crystal display apparatus is constituted by 1024 scanning electrodes and 1280 data 
electrodes disposed to form an electrode matrix. 

When the selecting term for one scanning electrode is 96 usee, the frame frequency becomes 1/(1024 x 96 usee) 
= 10.2 Hz. So as to provide a field frequency of 40 Hz or higher, a whole picture is designed to be formed by four times 
45 of vertical scanning. 

As shown in Figure 10, the 1024 scanning lines constituting a whole display area are divided into 32 blocks B1 - 
B32 each Including 32 lines. In a first field, blocks B1 . B5, B9, B1 3, B1 7. B21 , B25 and B29 are selected In this order. 
Further, blocks B3, B7, B11, B15, B19, B23, B27 and B31 are selected In a second field; blocks B2, B6, B10, B14, 
B1B, B22, B26 and B30 are selected In a third field; and blocks B4, B8, B12. B16, B20, B24, B28 and B30 are selected 
50 In a fourth field. And, in each field, the scanning lines are subjected to non-interlaced scanning. 

As an overall sequence, 1st, 2nd, 3rd..., 31th, 32th, 129th, 130th 160th, 257th, 258th..., 288th..., 897th, 

898th.... and 928th scanning lines are selected to complete first vertical scanning; 65th, 66th. 67th 95th, 96th' 
193th, 194th, .... 224th, 321th, 322th .... 352th, 961th, 962th .... and 992th scanning lines are selected to complete 

second vertical scanning; 33th, 34th, 35th..., 63th, 64th ( 161th, 162th 182th. 289th, 290th .... 320lh .... 929th, 

sb 930th .... and 960th scanning lines are selected to complete third vertical scanning; and then 97th, 98th, 99th , 1 27th* 
128th. 225th, 226th .... 256th, 353th, 354th .... 384th. 993th. 994th and 1024th scanning lines are selected to com- 
plete fourth vertical scanning, thus writing one whole picture. 

For accomplishing the above method, a memory 800 as shown in Figure 11 is provided In the scanning signal 
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control circuit. As fixed values, a number of 1 is set at the address Increment memory M2. and 32 numbers of 1 129 
257, 385, 513, 641, 769, 897, 65, 193, 321, 449, 577, 705, 833, 961, 33, 161, 289, 417, 545, 673, 801, 929 97 225 
353, 481, 609, 737, 865 and 993 are set at the address table memories MT(1) - MT(32), respectively, as the startino 
scanning addresses among the entire scanning lines for the first, second, third and fourth vertical scanning 

The scanning address is performed according to the same algorithm as shown in Figure 8 except that the number 
of blocks for judging completion of writing In all the blocks is changed to M4 > 32 at step 2 in Figure 8 

,f ^toa9easshowninFigure4ista^ 
l.e., 1st, 3rd. 5th, ...to 1023th lines are In black, and the pixels on the even^umber scanning electrodes le 2nd 4th 
6th .... 1024th lines, are in white, a pixel P22 receives a black signal and a white signal alternately for each one line 
The frequency of repetition is 1/(1x2x96 u.sec) = 5208 Hz (> 40 Hz). 

On the other hand, if a similar Image is displayed according to a known 4-intertaced scanning scheme 1st 5th 
9lh, .... and 1021th scanning lines are selected tocomplete 1st vertical scanning; 2nd, 6th, 10th, ... and 1022thscannina 
lines are selected to complete 2nd vertical scanning; 3rd, 7th, 11th, ... and 1023th scanning lines are selected to com- 
plete 3rd vertical scanning; and then 4th, 8th, 12th, ... and 1024th scanning lines are selected to complete 4th vertical 
scanning, thus writing one whole picture. In this case, the pixel P22 continuously receive the black signal 256 times 
then the white signals 256 times, then the black signal 256 times and then the black signal 256 times so that the 
repetition frequency becomes 1/(256x2x96 usee) = 20.3 Hz (< 40 Hz), whereby flicker is observed. 

Further, il a 16-interlaced scanning scheme is adopted so as to obviate flicker, while the flicker is removed due to 
an increased frequency, the observability of a motion picture Is remarkably impaired because a picture is constituted 
by scanning of every 16th line in comparison with the non-interlaced scanning. 

[Fourth embodiment] 
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In order not to lower the field frequency below 40 Hz, it is also possible to select the blocks at random so as to 
write one whole picture. For example, the apparatus In the third embodiment may be driven by selecting the blocks in 
the order of B1, B18, B27, B12, B5, B22, B31, B8, B17, B2, B23, B20, B29, B14, B11, B32, B13. B26 B3 B16 B9 
B30, B1 9. B4. B25, Bl 0, B7, B28, B21 , B6, B1 5 and B24 to achieve a similar effect. In this instance, 32 addresses of 
1. 545, B33. 353, 129, 673, 961, 225. 513, 33, 705, 609, 897, 417, 321, 993, 385, 801, 65, 4B1, 257, 929 577 97 
769, 289, 193 f 865, 641, 161, 449 and 737 are set at the address table memories MT(1) - MT(32), respectively as' 
shown In Figure 12. ' K * 

The results of actual operation of display apparatus according to the above first and second embodiments are 
summarized in the following Table 1 together with those of the 2-lnterlaced scanning scheme and the B-interlaced 
scanning scheme also described above. 
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Table 1 





2-interlaced 


8-lnterlaced 


First and second embodiment 


Flicker due to scanning drive 


none 


none 


none 


Flicker due to repetition ot black and white 


observed 


none 


none 


Observability of motion picture 


good 


poor 


good 



Similarly, the results of actual operation of display apparatus according to the above third and fourth embodiments 
are summarized in the following Table 2 together with those or the 4-lnterlaced scanning scheme and the 16-lnterlaced 
45 scanning scheme also described above. 
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Table 2 





4-interlaced 


16-lnterlaced 


Third and fourth embodiment 


Flicker due to scanning drive 


none 


none 


none 


Flicker due to repetition of black and white 


observed 


none 


none 


Observability of motion picture 


good 


poor 


good 



Figure 13 shows a set of drive signal waveforms used in evaluation of the above embodiments and Figure 14 is 
a time chart showing correlation between signal transfer and drive for driving an apparatus shown in Figure 3. 

In each of the above embodiments, each block is designed to have 32 scanning electrodes. This is because 
patterns, such as a font, an icon and a mouse mark have a height of 32 dots or less and no flicker due to scanning 
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drive is caused by 32 lines. If the number of scanning electrodes in one block Is increased, the chance of a block 

oS^ 83 "" 9 8 d Jf aV Pat,er " SUCh 36 3 f ° m 18 IOW ° red - ,hUS Providin 9 a *** ^ervablllty. but the liability 
ol nicker due to scannmg drive .s reversety increased. If the number of scanning electrodes in one block is decreased 
he chance of a block boundary appearing in a display pattern such as a font Is Increased. Partfcul^^El 
the number of scanning electrodes in one brock is smaDer than the number of dots In .he height M 3TJ££ 
pattern, such as a font, a block boundary always appears in a font display and the scanning I skipped™ 1 so£t 
the observability is remarkably impaired. vp ' mal 

For the above reason, il is preferred that the number of scanning electrodes in one block is (i) not as lame as to 

htioht I*. V° r 'T 9 J'' 0 ' (i ° SU " iCien,,y ^ 39 t0 bB equal ,0 ° r b '9er than the ZSL Tti£ n 
height direction of a display pattern, such as a font, an icon or a mouse mark. As far as the above conditions (i) and 
(ii) are satisfied, a larger number provides a better observability. wiumons w ano 

a „.,^»^ ribBd T * ^ P '. eSen ' i " Ven1i0n ' th8 SCannin9 " neS are divided in, ° a P |ura,i, y of «***• each including 
a pluralrty of adjacent scannmg hnes. and the blocks are sequentially selected wHh a spacing of a. least one bSk 
between successively selected blocks while consecutively selecting the adjacent scanning liens within each btock^s 
a result, the frequency of alternation of b.ack-dlspteying and white-displaying data signals for dispteylnl a resile 

apparatus showing an Improved Image quality is provided. ««p»ay 



20 Claims 

1 . A display apparatus, comprising: 
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amatrix ofagroupol scanning lines (C11, ... C14, C21 ...C24 .... C41 ... C44) and a group of data signal lines 
(bi ... sm) Intersecting said scanning lines (C11, ... C14, C21 ... C24, C41 C44), 
pixels (CEL) each formed al an intersection of said scanning lines (C11, ... C14 t C21 ' C24 C41 caa\ 
and said data signal lines (S1 ... Sm), and • ^ U4i ... C44) 

drive means (1 04-106) for supplying drive signals to said matrix so as to effect a display at said prxels (CEL) 

said scanning lines (C11, ... C14, C21 ... C24 C41 ... C44) being divided into at least four blocks (BK1, 

"' BK4 ) each comprising a plurality of adjacent scanning lines (C11 , ... C14, C21 ... C24 .... C41 C44), 

characterized in that 

m^^r a ^V ° 6) lnClUd8S SCannin9 meanS (104) for selecting said at least four blocks 

£ro ] ° f ^T'" 9 ,ine$ (C11> - C14 ' 021 * 024 041 - C44 > *° ^id blocks (BKt, 

BK2 .... BK4) are sequentially selected with a spacing of at least one block between successively selected 

2. An apparatus according to claim 1 , wherein said pixels (CEL) comprise a liquid crystal. 

3. An apparatus according to claim 1 . wherein said pixels (CEL) comprise a ferroelectric liquid crystal. 

« 4 " rswrtchSTmenf" 9 * ^' ^ * ^ and *'* MCh prwided With 

5. An apparatus according to claim 1 , wherein each of said al least four blocks (BK1 . BK2 . BK4) Includes the same 
number of scanning lines (C11. ... CU. C21 ... C24. .... C41 ... C44). 

An apparatus according to claim 1 . wherein said at least four blocks (BK1 , BK2 .... BK4) are selected in an irreoular 
sequence. * 

An apparatus according to claim 1, further comprising Illumination means for illuminating said pixels (CEL). 
An apparatus according to claim 1 , further comprising a graphic controller (107) for controlling a display image. 
An apparatus according to claim 1 . further comprising recording means for recording a display Image. 
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10. A display method, comprising: 

providing a display apparatus Including 



a matrix of a group of scanning lines (C11, ... C14, C21 ... C24 .... C41 ... C44) and a group of data sianal lines 
(SI ... Sm) intersecting said scanning lines (C11, ... C14, C21 ... C24..., C41 1 ... C44) " a *® signal lines 
pixels (CEL) each formed at an intersection of said scanning lines (C11,' ... Ct4 C21 ' C24 C41 C4d\ 
and said data signal lines (S1 ... Sm), and ' 
drive means (104-106) tor supplying drive signals to said matrix so as to effect a display at the pixels fCELV 

dividing said scanning lines (C11 , ... C14, C21 ... C24 C41 ... C44) into at least four blocks (BK1 BK2 

BK4) each comprising a plurality of adjacent soannlng lines (Cll, ... C14. C21 ... C24 C41 C44)- ' 

characterized by further comprising the step of 

sequentially selecling said at least four blocks (BK1, BK2, BK4) of scanning lines (C11 C14 C21 
C24, C41 ... C44) so that sard blocks (0X1, BK2 .... BK4) are sequential^ selected with a spacing of at 
least one block between successively selected blocks and said adjacent scanning lines (C11, ... C14 C21 
C24, .... C41 ... C44) are consecutively selected within each selected block. 



20 Patentanspruche 

1. Anzeigevorrichtung, mit: 
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einerMatrixauseinerGruppevonAbtastleitungen(C11, ...C14.C21 ...C24,.... C41 ... C44)undelnerQruppe 
von Datenslgnalleitungen (S1 ... Sm), die die Abtastleitungen (C11 , ... C14, C21 ... C24. C41 ... C44) kreuzen. 
Bildpunklen (CEL), die jeweils an einer Kreuzung der Abtastleitungen (C11, ... C14, C21 . C24 C41 
C44) und den DatensignaHeitungen (SI ... Sm) gebildet sind, und einer Ansteuervorrichtung (104 bis 106) 
zum Zuf uhren von Ansteuersignalen zu der Matrix, urn eine Anzeige an den Bildpunkten (CEL) zu bewirken 
wobei die Abtastleitungen (C11 , ... C14, C21 ... C24, .... C41 ... C44) In zumindest vier Blocke (BK1 BK2 ' 
BK4) mil jeweils einer Vieizahl von benachbarten Abtastleitungen (C11 , ... C14, C21 C24 C41 044) 
aufgeteilt sind, ' 1 

dadurch gekennzeichnet, daG 

die Ansteuervorrichtung (104 bis 106) eine Abtastvorrichtung (104) enthatt zum sequentiellen Auslwahlen der 

zumindest vier Blocke (BK1, BK2, BK4) mit Abtastleitungen (C11 , ... CH, C21 ... C24 C41 . C44) so 

daft die Blocke (BK1, BK2, BK4) sequentiell mit einem Abstand von zumindest einem Block zwischen 
aufelnanderfolgend ausgewahlten Blocken aufgewahlt werden unddie benachbarten Abtastleitungen (C11 , 
werden 21 ^ ' ^ lnnerha,b eines ioden 9 ew§lnlen B,oc te aufeinanderfolgend ausgewihft 

2. Vorrichtung nach Anspruch 1 , wobei die Bildpunkte (CEL) ein FlOssigkristali aufweisen. 

3. Vorrichtung nach Anspruch 1 , wobei die Bildpunkte (CEL) ein ferroelektrisches FlOssigkristali aufweisen. 

4. Vorrichtung nach Anspruch 1, wobei die Bildpunkte (CEL) ein FlOssigkristali aufweisen und jeweils mit einem 
Schattelement ausgestattet sind. 

5. Vorrichtung nach Anspruch 1, wobei jeder der zumindest vier Blocke (BK1, BK2, BK4) die gleiche Zahl von 
Abtastleitungen (C11 , ... C14, C21 ... C24 C41 ... C44) enthart. 

S. Vorrichtung nach Anspruch 1 . wobei die zumindest vier BlScke (BK1 , BK2 BK4) in einer unregelmaOigen Se- 

quenz ausgewahlt werden. a 

7. Vorrichtung nach Anspruch 1 , weiterhln umfassend eine Beleuchtungsvorrichtung zum Beleuchten der Bildpunkte 
(CEL). 

8. Vorrichtung nach Anspruch 1 , weiterhln umfassend eine Gratlksteuerung (107) zum Steuem eines Anzelgebikfe. 
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9. Vbrrichtung nach Anspruch 1 , welterhln umfassend elne Aulzelchnunsvorrichtung zum Aufeeichnen eines Anzei- 
gebilds, 

10. Anzefgeverfahren, mit 

Bereitstellen einer Anzeigevorrichtung umfassend efne Matrix aus einer Gruppe von Abtastlertungen (C11 

C14, C21 ... C24 C41 ... C44) und einer Gruppe von Dalensignalleitungen (S1 ... Sm), die die Abtast'lei- 

tungen (C11, ... C14, C21 ... C24 C41 ... C44) kreuzen, ««w 

Blldpunkte(CEL),dlejeweils an einer KreuzungderAblastleltungen(C11, ...C14.C21 ...C24, C41 C44) 
und der Dattenslgnalleitung (S1 ...Sm) gebildet slnd, und elne Ansteuervorrlchtung (104-3-bis 106) zum Zu- 
f Ohren von Ansteuerslgnalen zu der Matrix, um elne Anzeige an den BHdpunkten (CEL) zu bewirken" 
Aufteilen der Ablastleitungen ((C11, ... C14, C21 ... C24, .... C41 ... C44) in zurnindest vier Blocke (BK1, 
BK2, . ..,BK4)jeweilsmit einer Vielzahlvonbenachbarten Ablastleitungen (C11, ...C14.C21 ...C24, ...,C41 
C44); 

gekennzelchnet durch weiierhin umfassend den Schritl sequenlielles Auswahlen der zurnindest vier Blocke (BK1 

BK2 BK4 > von Abtastlertungen (C11, ... C14, C21 ... C24, C41 ... C44), so daB die Blocke (BK1, BK2, 

BK4) sequentlell mit elnem Abstand von zurnindest einem Block zwischen auf einanderfoigend ausgewahilen Blok- 
ken ausgewahltwerden und die benachbarten Abtastlertungen (C11, ... C14.C21 ...C24, ...,C41 ...C44)innerhafb 
eines jeden ausgewahlten Blocks auf einanderfoigend ausgewahlt werden. 



Revendleatlone 

25 1 . Appareil d'affichage, comportant : 

une matrice d'un groupe de lignes de balayage (C11....C14, C21... C24 C41 ... C44) et d'un groupe de 

lignes de slgnaux dedonn6es(S1 ... Sm) intersectant lesdites lignes de balayage (C11, . C14 C21 C24 
C41 ... C44), * ' ' 

3* des pixels (CEL) formes chacun a une intersection desdites lignes de balayage (C11 , ... C14, C21 ... C24, 

C41 ... C44) et desdites lignes de slgnaux de donnees (S1 ... Sm), et 

des moyens d'attaque (104-106) destines a appliquer des slgnaux d'attaque a tadite matrice afin d'effectuer 
un affichage auxdits pixels (CEL), lesditee lignes de balayage (C11, ... C14, C21 ... C24, C41 ... C44) etant 
divlsees en au molns quatre blocs (BK1, BK2, .... BK4) comprenant chacun une pluralite de lignes de balayage 
35 adjacentes (C11 ... C14, C21 ... C24, C41 ... C44), 

caracterise en ce que 

lesdits moyens d'attaque (104-106) comprennent des moyens de balayage (104) destined a selectlonner s6- 
quentiellement lesdits au moins quatre blocs (BK1, BK2, BK4) de lignes de balayage (C11 , ... C14, C21 ... 

C24 C41 »• afln que lesdits blocs (BK1, BK2 BK4) soient selectionnes sequentleilement avec un 

espacement d'au moins un bloc enlre des blocs selectionnes successivemment et que lesdiles lignes de 
balayage adjacentes (C11 , ... C14, C21 ... C24 .... C41 ... C44) soient sdleclionnees consecuth/ement a Nn- 
terieur de chaque bloc seleclionnd. 

2. Appareil selon la revendication 1 , dans lequel lesdits pixels (CEL) comprennent un cristal liquide. 

3. Appareil selon la revendication 1 , dans lequel lesdits pixels (CEL) comprennent un cristal liquide ferro6lectrique. 

4. Appareil selon la revendication 1 , dans lequel lesdits pixels (CEL) comprennent un cristal liquide et sont pourvus 
chacun d'un element de commutation. 

5. Appareil selon la revendication 1 , dans lequel chacun desdits au moins quatre blocs (BK1 , BK2, .... BK4) comprend 
le meme nombre de lignes de balayage (C11 , ... C14, C21 ... C24 t C41 ... C44) 

6. Appareil selon la revendication 1 , dans lequel lesdits au moins quatre blocs (BK1. BK2, .... BK4) sont selectionnes 
eurvant une sequence irreguliere. 
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7. ^parell setan la revendicatlon 1, comprenant en outre des moyens tfeclairage destines a eclalrer lesdlts pixels 
s 8 * ^ttotoJ* reV6ndlCati0n 1 ' G " «*» ■» contr6leur graphlque (107) destfce ft commander une 

9 ' t^T^clZ ^ r9VendiCat,0n 1 ' com P° rtant e " ouire des moyens tfenregistrement destines a enregistrer une 
i0 10. Procede d'alflchage, comprenant : 

J'utilisation d*un appareil cfaffichage comportant 

une matrice cfun groupe de lignes de balayage (C11 , ... C14, C21 ... C24 C41 ... C44) et cfun grouoe de 

hgnes d ^naux de donnees (SI ... Sm) inlersectant lesdites lignes de balayage (C1 1 , ... C14, C21 . C24, 

des pixels (CEL) formes chacun a une intersection desdites lignes de balayage (C11, ... C14 C21 C24 
C41 ... C44) et desdites lignes de slgnaux de donnees (S1 ... Sm), et ^ 
des moyens d'altaque (104-106) destines a appliquer des signaux d'allaque a ladlte matrice afin d'effectuer 
un aflichage aux pixels (CEL) ; 

!i? R?o^I, ,lgne8 * ba!aya " (C11 ' " C14 ' 021 ~ 024 041 - C44) en au W*™ blocs 
' • BK2 > — BK4 ) comprenant chacun une pluralite de lignes de balayage adjacentes (C11, ... C14, C21 
C24, C41 ... C44) ; 

caracterlse en ce que qu'il comprend en outre I'etape 

de selection sequentielle desdits au molns quatre blocs (BK1, BK2, BK4) de lignes de balayage (C11 

C14, C21 ... C24, .... C41 ... C44) afin que lesdits blocs (BK1. BK2 BK4) soienl selectionnes sequentiellement 

avec un espacement d'au moins un bloc entre des blocs selectionnes successivemment et que lesdites lignes de 

balayage adf centes (C11. ... C14, C21 ... C24 C41 ... C44) soient selectionnees consecutivement a rtotfrtour 

de chaque bloc selectlonnd. 
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